We show that the necessary conditions λ = 0 (mod IGI), λ(v-l)=0 (mod2), λv(v 1) = [0 (mod 6) for IGI odd, (0 (mod 24) for IGI even, are sufficient for the existence of a generalized Bhaskar Rao design GBRD(v,b,r,3,λ;G) for the elementary abelian group G, of each order IGI.
I. Introduction
For the definitions and notations used in this paper we refer the reader to Lam and Seberry (1984) . Since the underlying structure for a GBRD(v, 3, ..l 
.;G) is a
BlBD (v, 3,..l.) We also use the notation EA(H)=EA(TI~ 1 pi') for the elementary abelian group ZPI X Zp, X ... X ZPI X .. · X ZPn X ZPn x .. · X ZPn where Zp, occurs ri times with TI~~l pi' the prime decomposition of the order of the group H.
In this paper we establish that the necessary conditions are sufficient for the existence of a GBRD(u,3,A; EA(H». Lam and Seberry (1984) , building on the results of Seherry (1982 Seherry ( , 1984 , proved: Theorem 1.1, The necessary conditions (1.1)-(1.4) are sufficient for the existence oj a GBRD(v, 3, A.; G) when
(iii) G = Z:fx H where 3 f IHI and r?!.l.
In this paper we establish existence for the remaining group orders.
2. Existence of GBRD on Z2 X Z3 Theorem 2.1. The necessary conditions ,.1.=0 (mod 6), A.v(v-l) =O (mod 24) are sufficient jor the existence of a GBRD(v, 3, A. ;Z2 x Z3)'
Proof. From Section 1 these are clearly necessary conditions: in the case A == 6 (mod 12) they become v(v-l)=O (mod 4) and for A =0 (mod 12) there is no condition on /). Hence we consider these cases separately.
Case 1: A = 6. The necessary condition becomes u(v -1) = 0 (mod 4). We first establish the existence of GBRD(v, 3, 6; Z6=22X23) for vEKJ={4, 5, 8, 9, 12l . Using 0,1,2, 3, 4, 5 for the elements, additiveiy, of 26 we have lhat give the required designs for u = 5, 8, 12. A GBRD(9, 3, 6; Z6) s.y-l=(3,2,4) . and Seberry (1984) with Hanani's theorem (Hall (1967) , Lemma 15.5.1) we only need to establish the existence of GBRD(v, 3, 6; Z6) for v EKJ = {4, 5, 8, 9, 12} to establish the existence of all GBRD(u, 3, 6; 26) for U"" 0 or 1 (mod 4), u~4. Thus we have all these designs and by taking t copies (t odd) we have GBRD(v, 3, 6t; Z6) for all .1",,6 (mod 12). (Oo, h, j=l, ... , p, (O::>o, 00, ' (O::>o, Ol, The case for v =4 is obtained by taking two copies of the GBRD(4, 3, 6; Z6) given in case I above.
Hence we have constructed a GBRD(v, 3, 12; Z6) for every v. Taking t copies gives us GBRD(u, 3, 12t; Z6) (Hall (1967) , Lemma 15.5.2). Thus we must establish the existence of GBRD(v, 3, 12; EA02» for UEKl={4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 18, 19, 22, 23} to GBRD(8, 3, 12 ;EA(12» is constructed by the use of Theorem 2.2 with the GBRD(8,4,3;ZJ) obtained by developing the initial blocks (00]> IJ,2wl,4",) and (0 1 ,1"" 2"" 4w) (mod 7, Z3), and the GBRD(4, 3, 4;Z2 x Z2) l:
A GBRD(14,3, 12;EA(12» is obtained by developing the following initial blocks (modulo 13,EA(12»:
(00' i b , 13 -i",) (24)).
Proof. For the group EA(24) the only necessary condition is A = 0 (mod 24). Hence, as in the previous section, it is only necessary to establish the existence of GBRD(v. 3, 24 ;EA(24» for v E Kl.
From Seberry (1982) a GBRD(v, 3, 3; 23) exists for all odd v and so we use these design~ with three rows of the generalized Hadamard matrix GH(8. 21) = GBRD(3, 3, 8;2 2 X Z2 X 2 2 ), say where the elements commute, in Theorem 2.2 of Lam and Seberry (1984) to obtain GBRD(u,3,24;EA(24» for all odd u.
From Theorem 2.1 a GBRD(u, 3, 6;Z6) exists for u =0,1,4,5,8,9 (mod 12) and so may be used with three rows of (4.2), the GH(4, zi> = GBRD(3, 3, 4;Z2 x Z2) in Theorem 2.2 of Lam and Seberry (1984) to obtain GBRD(u, 3, 24;EA(24» for these u and in particular for u E {4, 8, 12}. From Lam and Seberry (1984) we see a GBRD(u, 3, 8;2 2 x Z2 x Z2) exists for u(u -I) =0 (mod 3): these designs may be used with (3.1), the GH(3,Z3) =GBRD(3, 3, 3; Z3) in Theorem 2.2 of Lam and Seberry (1984) to obtain GBRD(u, 3, 24) for these u including u E {6, 10, 18. 22}.
There exists a GBRD (13, 3, 24; EA(24) ). It is obtained by developing the following blocks modulo 13:
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A GBRD (14, 3, 24 ;EA(24» can be obtained by developing the same blocks modulo 13 except that the last initial block, (OJ, iew, 13 -i abw ), i = 1, 2, ... ,6, should be replaced by (00 j, 0,, ('w2, 1,,) , (ooj,0b,2bcw) ' (001, 0""3, , w), (oo]>Obw2, 4m·) , (00\>01> 1abwz) , (OOj, 0abntcw') ' (ool>0uw,,3bw) ' (oo] '0bcw 2 ,4",,,,) , (00 1> 0",. 2"b("w), (00 \, 0"", 4 u /Jatl')' (001) Dah"" 6('(,,), (00 1, Dab. 8("), which should also be developed modulo 13.
Hence a GBRD(u, 3, 24 Seberry (1984) and Seberry (1982 Seberry ( ,1984 we now have: Theorem 6.1. Whenever A=O (mod g), it(v-I)==O (mod 2), Au(u-I)=O (mod 6) for g odd or AV(V -1) == 0 (mod 24) for g even there exists a regular group divisible design with parameters (ug, bg, r, 3 , ..1.1 =0, A2 = .-\/g, m = u, n = g).
